Introduction
The term aneurysm was used by early writers to describe generalized cardiac enlargement. The earliest report of an aneurysm of the ventricle was made by John Hunter (1757). The incidence of aneurysm in autopsy reports of patients after a myocardial infarction has varied from 3 % (Dubnow, Burchell & Titus, 1965) to 38% (Parkinson, Bedford & Thomson, 1938) . The diagnosis is rarely made in life although Master et al. (1940) found abnormalities of pulsation of the cardiac contour after myocardial infarction in 73 % and Kurtzman & Lofstrom (1963) in 78% of patients. Not all of these patients had aneurysms but recently Gorlin, Klein & Sullivan (1967) demonstrated twenty-four cases of aneurysm by left heart angiography, in a series of 100 patients with coronary artery disease, and two of the present authors (Groden & James, 1968) have found radiological features suggestive of aneurysm in 20% of patients who had survived a myocardial infarction more than 3 months previously.
We describe here ten cases of ventricular aneurysm following myocardial infarction seen in recent years at this hospital.
Case reports Case 1: P.McC., died age 69 For I week before admission to hospital in December 1965, this patient had been suffering from anginal chest pain on exertion, and about 24 hr prior to admission he began to experience protracted chest pain which was accompanied by sweating and breathlessness.
On admission his pulse was 48/min, regular. BP 130/80 mmHg. Heart sounds were of poor quality and there were crepitations at both bases. ECG showed the changes of a recent transmural antero-septal infarction and sinus bradycardia. The serum glutamic oxalacetic transaminase (SGOT) level rose to 120 units (Dade) .
At the time of discharge 5 weeks later his ECG continued to show R-ST elevation in the precordial leads. He returned to normal activity and was followed up as an outpatient. Three months later, cardiac screening showed a marked prominence of the left heart border in the right anterior oblique projection ( Fig. 1 ) which was thought to be an aneurysm. ECG still showed Q waves and R-ST elevation. One year after the original incident he sustained a further infarction and was re-admitted to hospital. His ECG at this time revealed posterior ischaemia in addition to the above changes. A temporary phase of A.V. dissociation occurred with frequent ventricular extra-systoles and small R waves appeared in V2. V3 and V4.
He died suddenly on 26 December 1966. Necropsy: The heart was enlarged (530 g) with both left and right ventricular hypertrophy, the walls being 24 and 9 mm in thickness, respectively. Above the apex of the heart, there was a large aneurysmal dilatation overlying which was a fibrinous pericarditis with adhesions obliterating the pericardial space (Fig. 2) organized, firmly adherent thrombus (Fig. 3) This patient who had a previous history of hypothyroidism suddenly developed severe retrosternal chest pain on 5 December 1966 and was thought to have sustained a myocardial infarction. This was confirmed by an ECG which showed the changes of an early transmural antero-septal infarction and a rise of SGOT. Left heart failure developed and she died on 22 January 1967. ECG throughout had shown R-ST elevation and Q waves and there was little evidence of sequential change although she had been observed for about 6 weeks in hospital.
Necropsy. The heart was slightly enlarged (400g), with a large bulge on the anterior wall of the left ventricle. The orifice of this aneurysm was 8 cm in diameter (Fig. 6 ). At the site of the aneurysm the wall was extremely thin and fibrotic. The valves were normal. The coronary arteries were extensively atheromatous and the descending branch of the left coronary artery was occluded. Pericardial adhesions were present over the aneurysm and obliterated the pericardial space.
(No sections were examined histologically.)
Comment. The appearance of the heart at autopsy suggested that the aneurysm was exerting an haemodynamic effect, and may have been partly responsible for heart failure. Necropsy. The heart size was normal (380 g).
The pericardial sac was filled with ante-mortem blood clot and there were fibrinous adhesions present between the heart and the pericardium. An aneurysm (6 cm in diameter) extended from the apex of the left ventricle to the I.V. septum. The wall of the aneurysm was composed of fibrous tissue which had ruptured at several places and at one point there was communication between the ventricles (Fig. 9) On its endocardial surface, the aneurysm was covered with friable thrombus while on the pericardial surface there was extensive haemorrhagic pericarditis, with numerous fine adhesions (Fig.  10) . The wall of the aneurysm was found to consist of organizing infarct. In the subendocardial region viable cardiac muscle persisted. The myocardium of the posterior wall of the ventricle was hypertrophied.
Comment. This is another example of aneurysm occurring soon after infarction. graph revealed a bulge on the left heart border and cardiac screening showed paradoxical pulsation (Fig. 12) . Subsequently she has developed congestive failure which has been controlled with digoxin and diuretics. A recent electro-cardiogram showed R-ST elevation in 2, 3 and aVF, potential heart block and delayed intraventricular conduction. Comment. This is the only patient in the present series in whom clinical examination would suggest the diagnosis of cardiac aneurysm.
Case 9: D.McD. (born 15 November 1907) This patient was admitted to hospital on 13 July 1966. It was believed that he suffered from rheumatic heart disease, since he had been known to be in atrial fibrillation for about 12 years. He was in mild congestive failure. Pulse 100/min totally irregular, BP 140/85 mmHg. Apex beat 11 cm from the mid-line and heaving in character. There were systolic and diastolic murmurs at the apex. The ECG confirmed atrial fibrillation with occasional ventricular extrasystoles. Q waves and R-ST elevation were present in V1 and V2, and T waves were inverted in V5 and V6. There was right axis deviation and aVR was biphasic. It was considered that these ECG changes were suggestive of old anterior myocardial infarction with aneurysm formation. Cardiac screening showed cardiac enlargement, with prominence of the left ventricle. There was an aneurysmal bulge of the anterior surface of the heart best seen in the right anterior oblique projection, similar to that shown in Fig. 1 (Case 1). Treatment with digoxin and diuretics produced substantial improvement and he was allowed home.
Comment. The clinical and radiological features of this case are more suggestive of post-infarction cardiac aneurysm than of mitral valve disease, although both conditions could be present. The murmurs can be explained by the passage of blood to and fro through the neck of the aneurysm. (Fig. 13) . Cardiac fluoroscopy confirmed the presence of a bulge which exhibited diminished pulsation. Comment. The aneurysm is almost certainly the result of an infarction 15 years before.
Details of these ten patients are shown in Table 1 Abrams et al. (1963) . In the present series six of the patients described survived for more than 1 year after infarction with aneurysm formation, and three of these for more than 5 years. Four patients are still alive. In seven patients the diagnosis was made in life. Physical signs suggestive of aneurysm were present in only one patient (case 8) and diagnosis in the others was made on the basis of radiological and/or electrocardiographic findings. Four aneurysms were discovered in the early stages after the infarction, and in another patient the diagnosis was suggested by absence of sequential change on the electrocardiogram after 3 months, and confirmed by cardiac fluoroscopy. The other cases were diagnosed at varying intervals up to 15 years after the original incident. One aneurysm ruptured in the early stages (Case 5) and three patients died in congestive cardiac failure to which the aneurysm probably contributed in two. In one patient, further infarction was the cause of death and in this patient it seems unlikely that the aneurysm was exerting a functional effect since it was filled with thick thrombus. One patient has undergone surgery for the repair of his aneurysm and three patients are receiving medical treatment only.
Inadequate bed rest in the early stages after the infarction is said to predispose to aneurysm formation (Moyer & Hiller, 1951 ; Schlichter et al., 1954) . Three of the cases reported were not rested at the time of the myocardial infarction but all of the other patients had adequate periods of bed rest. A recent clinical study has suggested that schemes of earlier mobilization after infarction do not result in an increased incidence of aneurysm formation (Groden, Allison & Shaw, 1967) .
Hypertension has been implicated in aneurysm formation because of the high pressures to which the healing infarct is exposed. It has not been a factor in any of our patients nor did Dubnow et al. (1965) feel that it was an important factor.
An expansile aneurysm can absorb a considerable amount of cardiac output and behave functionally in the same way as mitral incompetence while a rigid, fibrosed or calcified aneurysm is unlikely to exert a significant functional effect. In Case 4 the cardiac output fell from 6-8 to 2-6 1/m while the aneurysm enlarged, but factors involving myocardial contractility must also be considered as responsible for this. Surgery was not feasible since there was no precise information concerning (2) Repeated systemic emboli not controlled by anticoagulant treatment. We would be reluctant to recommend operation on a heart in which there is fresh infarction before organization of the necrotic tissue has taken place. It would appear that at least 6 weeks and possibly 3 months would have to elapse before this has occurred (Mallory, White & Salcedo-Salgar, 1939) . Since organization takes place from the periphery of the aneurysm, surgery might be considered even in the early stages after the infarct, in cases with a poor immediate prognosis.
Although the physical findings associated with aneurysm are well known and have been fully described previously (Parkinson et al., 1938 ) the diagnosis is seldom made in life (Holmes & MacFadyen, 1964) . In this series of ten cases only one patient demonstrated clinical features which suggested a diagnosis of aneurysm. It was possible to make a diagnosis of cardiac aneurysm from the postero-anterior and lateral radiographs of six of the ten cases. In another case cardiac enlargement was noted radiologically and with the lack of sequential change on the ECG, cardiac aneurysm was suspected. We have found careful cardiac fluoroscopy using an image intensifier television system to be useful in detection of even small cardiac aneurysms (Groden & James, 1968) . Although recent reports have indicated the value of angio-graphy (Holmes & MacFadyen, 1964; Bjork, 1966 Steinberg, 1966 Gorlin et al., 1967) , it was not necessary in any of the patients described here. In many of the reports in which angiography has been used the diagnosis was apparent from conventional radiological examination. If surgery were contemplated on the basis of the indications discussed above we would proceed to ventriculography and coronary arteriography would be carried out at the same time in order to assess the state of vascularity of the myocardium.
Persistent Q waves and R-ST elevation more than 6 months after infarction are said to be highly suggestive of aneurysm formation (Rosenberg & Messinger, 1949; Ford & Levine, 1951; Moyer & Hiller, 1951 ; Douglas et al., 1962) . This phenomenon was present in all but one of the cases who had long-standing aneurysms. Sequential changes were noted to be absent in the electrocardiogram of those patients who died in the early stages after the infarction. The reason for persistent R-ST elevation is not clear but several hypotheses have been put forward. Ford & Levine (1951) suggest either: (1) that there is a layer of ischaemic subendocardial muscle in these hearts and that an intraventricular ECG would display R-ST elevation which is recorded on the anterior surface through the 'aneurysmal window', or (2) that R-ST elevation results from the pericarditis which commonly exists in these cases. Moyer & Hiller (1951) suggest that hypertrophy of the surrounding muscle is responsible. Table 1 gives an indication of the frequency of these findings in our cases. An upright QRS in aVR in the presence of LV hypertrophy has also been reported to be suggestive of aneurysm (Goldberger & Schwartz, 1948; Ford & Levine, 1951) . This was present in one of our patients (Case 4) and aVR was biphasic in another (Case 9).
